Noninferiority (NI) trials aim to show that a new treatment or drug is not inferior to a standard, accepted treatment. The rapid proliferation of NI trials within the literature makes it imperative for emergency physicians to be able to read, interpret, and appraise critically this type of research study. Using several emergency medicine examples from the recent literature, this article outlines the key differences between traditional, superiority randomized controlled trials and NI trials. We summarize four important points that an emergency physician should consider when critically appraising an NI trial: 1) Does the new treatment have tangible benefits over the standard treatment? 2) Was the choice of the NI margin appropriate? 3) Was the effect of the standard treatment preserved? Does the trial have assay sensitivity? and 4) What type of analysis strategy was employed: intention-to-treat (ITT) or per protocol (PP)?
CASE SCENARIO
You are an emergency physician practicing in a busy Canadian emergency department (ED), and you have been asked by your department head to review the literature regarding the implementation of the latest Surviving Sepsis Campaign guidelines 1 and early goaldirected therapy (EGDT) 2 in your ED. Although currently in use by some clinicians, there has been moderate uptake because of the perceived resource challenges of widespread central venous catheterization and central venous oxygen saturation (ScvO 2 ) monitoring. 3, 4 Your department head recently heard a podcast about lactate clearance in EGDT and would like to know if this is an acceptable alternative to implement as part of your department's EGDT bundle. 5 
INTRODUCTION
The objective of noninferiority (NI) trials (sometimes referred to as active control equivalence trials) is to show that a new treatment or drug is not inferior to a standard, accepted treatment. 6 NI trials are not designed to show that the new treatment is equivalent to the standard treatment. NI trials are intended to show whether a new treatment has at least as much efficacy as the standard or is worse by an amount less than a prespecified NI margin. 7 The premise of the new treatment is that it offers some other advantage, such as greater availability, reduced cost, less invasiveness, fewer side effects, or greater ease of administration (once-daily dosing rather than two or more doses). 7 Other differences between superiority randomized controlled trials (RCTs) and NI trials include the initial study hypotheses, trial design, data analysis, and interpretation of results. 7 
DIFFERENCES BETWEEN SUPERIORITY AND NI TRIALS

Study hypotheses
In a superiority RCT, the null hypothesis is that treatments are equally effective, and the alternative hypothesis is that they differ. Type I errors occur when a treatment effect is falsely observed when, in fact, there is none. Type II errors occur when a treatment effect is not detected when one truly exists. 7 In NI trials, the inverse is true, and the null and alternative hypotheses are reversed; Type I errors occur with the false acceptance of an inferior new treatment, and Type II errors occur with the false rejection of a truly noninferior treatment. 7 Trial design NI trials require that the efficacy of the reference treatment is well established or is in widespread use, making the use of placebo or an untreated control group unethical. NI trials should aim to recruit similar patients, have similar inclusion and exclusion criteria, and use outcome measures similar to those of trials that established the efficacy of the reference treatment. 7 An NI margin must be specified a priori to calculate a feasible sample size to conduct the study. There are several approaches to set an NI margin, [7] [8] [9] [10] [11] and controversy regarding the best method persists. 6, 12, 13 This is discussed in more detail in the Critical Appraisal of an NI Trial section.
Data analysis
In superiority RCTs, intention-to-treat (ITT) analysis is widely recommended and often leads to smaller treatment effects than if all patients adhered to the treatment protocol. 14 The analysis of NI trials requires careful consideration of both the ITT and per protocol (PP) strategies to avoid erroneous Type I and Type II errors. 9, 11 Superiority RCTs employ a two-tailed (two-sided) hypothesis test, whereas NI trials employ a one-tailed (one-sided) hypothesis test. 15, 16 Interpretation Interpreting an NI trial's results depends on where the confidence interval for the treatment effect lies relative to both the NI margin and the null effect. 7 An important difference between superiority and NI trial studies, in terms of inference, is that in superiority studies, a positive result is self-explanatory. Apart from ensuring that the study was conducted adequately, one can make inferences and conclusions directly from the results. NI trials require additional information outside the study to be able to completely and adequately arrive at valid conclusions. (This is discussed in detail below.) It is important to note that it is inappropriate to claim NI post hoc from a superiority RCT unless clearly stated in the trial protocol with a predefined margin of equivalence. 17 How common are NI trials in the literature? A quick search of MEDLINE reveals over 589 such studies published within the last 5 years. Why would an investigator choose to conduct an NI trial as opposed to a superiority RCT? Very often, the new treatment offers some other advantage compared to the standard treatment, such as greater availability, reduced cost, less invasiveness, fewer side effects, and greater ease of administration (once-daily dosing rather than two or more doses), but is not expected to be superior to the standard treatment. In this setting, comparing the new treatment to the standard treatment by designing a superiority trial might prove to be futile or, at best, very difficult. This trial would need a very large sample size given that the new treatment is not expected to be superior. An NI design in this setting would be more appropriate because a prespecified NI margin would ensure that a feasible sample size could be obtained. The recent Rapid Anticonvulsant Medications Prior to Arrival Trial (RAMPART) examining intramuscular (IM) midazolam versus intravenous (IV) lorazepam for the termination of prehospital status epilepticus reported several potential benefits of the new treatment (midazolam). 18 These included easier and more reliable administration and a longer shelf-life than lorazepam when not refrigerated. 18 Other recent examples relevant to emergency medicine are the trials designed to show NI between the novel anticoagulants and warfarin in the treatment of venous thromboembolism. 19, 20 These NI trials have led to guidelines advocating rivaroxaban as an alternative first-line option in the treatment of acute deep vein thrombosis and pulmonary embolism. 21 Returning to the case scenario, after performing a search of the literature, you identify the 2010 NI trial by Jones and colleagues. 5 The stated objective of this study was to test the hypothesis of NI between lactate clearance and ScvO 2 as goals of early sepsis resuscitation. You endeavour to interpret the results and critically appraise this article.
INTERPRETATION OF THE RESULTS OF AN NI TRIAL
In this section, we discuss the potential outcomes and the means to interpret the results of an NI trial. Consider the following examples in Figure 1 . The line labeled ''delta'' represents the NI threshold compared to the standard treatment. The area between ''delta'' and zero risk difference or relative risk represents the NI margin. As in Figure 1: 1. If the result is as in study A, we can conclude that the novel treatment is noninferior to the standard treatment because the lower limit of the 95% CI does not cross the NI margin. We can conclude superiority because the lower limit of the 95% CI does not cross the zero mark for risk difference or relative risk.
2. If the study yields result B, we can conclude that the novel treatment is noninferior to the standard but are unable to comment on superiority. 3. In study C, the results are indeterminate, and we are not able to say with confidence whether the novel treatment is noninferior or truly inferior because the lower limit of the 95% CI falls below the NI margin. 4. In study D, we are forced to conclude that the novel treatment is inferior to the standard.
Returning to our case scenario and the NI trial by Jones and colleagues, 5 for the primary study end point of in-hospital mortality, the group followed with lactate clearance demonstrated NI outcomes comparable to those followed with ScvO 2 monitoring. 5 The result demonstrated by this trial is similar to scenario B in Figure 1 .
CRITICAL APPRAISAL OF AN NI TRIAL
NI studies are appraised in a manner similar to that of superiority RCTs, with several important additions and caveats. 9 To critically appraise an NI trial, additional information from outside the study may be required to come up with valid conclusions. This is one of the major difficulties and limitations of NI trials. Similar to appraising a meta-analysis, it is often necessary to examine the articles that formed the foundation for the efficacy of the standard treatment and set the choice of the NI margin. When critically appraising an NI trial, one needs to ensure that the new treatment has some tangible advantages over the standard treatment that will compensate for its potential inferiority and not merely be a ''me too'' drug (e.g., greater availability, reduced cost, less invasiveness, fewer side effects, greater ease of administration [once-daily dosing rather than two or more doses]). 7 Otherwise, there might be no reason to test the new treatment. The authors need to clearly and explicitly explain the rationale for choosing the new treatment.
Was the choice of the NI margin appropriate?
There is no clear consensus on the ideal method for determining an NI margin. Experts have recommended sound statistical reasoning and good clinical judgment in setting an NI margin. 6, 13, 22, 23 Recent draft guidance to industry from the US Food and Drug Administration (FDA) has provided some clarity, 11 but even this approach is not without its critics. 12 We outline several of the common approaches employed to choose an NI margin. The suggested method from the FDA focuses on considering the smallest plausible treatment benefit of the standard treatment compared to placebo. Investigators usually look at previous superiority RCTs and identify the effect size of the standard treatment compared to placebo. These are the trials in which the control treatment established its superiority and efficacy. Investigators would then take the lower limit of the 95% CI of the effect size of the standard treatment relative to placebo and take 50% of that as the NI margin. 9, 11 The logic is that one should at least preserve a proportion of the effect of the standard treatment. Choosing a higher percentage to be preserved (e.g., 67% or 90%) results in a stricter or more conservative NI margin. 6 Another approach is to ask clinicians or patients to consider what degree of efficacy they would be willing to sacrifice in exchange for the potential benefits offered by the new treatment. 10 A Delphi approach with clinical experts and their knowledge of existing treatment options and the underlying disease may provide insight into an NI margin. Patient groups may provide insight into trade-offs that future patients might be willing to accept for a treatment with benefits, such as an improved dosing schedule or fewer side effects. 10 A third method, the synthesis method, does not require a specific margin or active control effect to be specified. 10 The test of the NI hypothesis is based on a combination of the estimate and standard errors for the comparison of the standard versus placebo in the original superiority RCT and the estimate and standard error of the new treatment with the standard in the NI trial. 10 Returning to our case scenario, Jones and colleagues chose an NI margin of 210%. 5 This represented a twothirds proportion of the active comparator's group, the established superiority in the original EGDT trial. 2 Evidence exists that mortality rates for severe sepsis can be expected to differ by up to 10% between both state-of-the-art medical facilities and regions of the United States. 5 This method for setting the NI margin is similar to that suggested by the recent FDA document. 11 
Was the effect of the standard treatment preserved? Does the trial have assay sensitivity?
It is important to consider whether the treatment effect observed for the standard treatment in the NI trial is similar to the previous superiority RCTs with a placebo control. 9 Suboptimal application of the standard treatment, enrolling patients less likely to be adherent or responsive to the standard treatment, enrolling patients at low risk for the effectiveness outcome, and administering treatment via a suboptimal route (e.g., oral versus intravenously) may all contribute to a decreased observed treatment effect. It is important to examine the original superiority RCTs, which determined the effectiveness of the standard treatment compared to placebo. 9, 10 This will ensure that the current NI trial has assay sensitivity.
The assay sensitivity of a study can be explained as the ability of the study to detect a difference between treatments for a particular outcome, if one truly exists. 8 A hypothetical example might be an NI trial examining IM midazolam and IV lorazepam for status epilepticus. The trial finds that the treatment effects are exactly the same: 5% of patients had their seizures terminated in both groups. One would conclude that IM midazolam is noninferior to IV lorazepam. If it is discovered that there was an error in the study, and all the medications used were expired, then one would need to revisit the conclusions of the study. Both study drugs were equivalent because neither worked, and one would say that the study did not have assay sensitivity. This is CJEM N JCMU 234 a radical example, and in reality, subtle things might decrease the assay sensitivity: poor conduct of the study, an inordinate number of dropouts, loss to follow-up, and poor adherence to the study protocol. The presence of assay sensitivity is much more important to demonstrate in NI trials compared to superiority RCTs because its absence may result in Type I errors and the erroneous acceptance of a noninferior new treatment. 7 Returning to our case scenario, the original Rivers and colleagues study showed an in-hospital mortality rate of 46.5% for patients receiving standard therapy and 30.5% for patients enrolled in the EGDT group. 2 The study by Jones and colleagues demonstrated an inhospital mortality of 23% for the similar (ScVO 2 ) group. 5 There has been vigorous debate as to whether the NI trial by Jones and colleagues included patients as sick as those in the original EGDT study 24 or whether the original EGDT study was truly representative of the mortality rate from severe sepsis and septic shock. 25 It is currently challenging to say with certainty whether the NI trial by Jones and colleagues possesses assay sensitivity.
What type of analysis strategy was employed? ITT or PP?
The type of analysis employed hinges on the previous concept of assay sensitivity. Recall that assay sensitivity decreases when there are validity issues with a trial: high dropout rates, poor adherence to protocol, or poor adherence to inclusion criteria. By analyzing the results as ITT, we include in our analysis all the subjects who have been randomized, regardless of whether they adhered to the protocol. Although this might decrease the assay sensitivity, this is an appropriate analytical method in superiority RCTs that will ensure the adequacy of the randomization process and will reflect reality. 14 By employing this approach, we are being conservative in accepting any results from a superiority RCT that will potentially change practice. Analysis of an NI trial with the ITT approach alone runs the risk of decreasing the assay sensitivity of the trial and the acceptance of a Type I error. Consequently, the suggested method of NI trial analysis is examination of the data from both the ITT and PP perspectives. 11, 26 The FDA cites ''significant concerns with the possibility of informative censoring'' in an ''as-treated'' or PP analysis and states that discrepancies between the two types of analyses will require ''close examination.'' 10, 11 The results of an NI trial are valid and convincing if they are positive by both analytical methods.
Returning to our case scenario, the NI trial by Jones and colleagues employed both ITT and PP analytical approaches, 5 and by both approaches, lactate clearance was shown to be statistically noninferior to ScVO 2 measurement for the primary outcome, in-hospital mortality, in the resuscitation of septic patients.
SUMMARY
NI trials are a powerful tool for assessing outcomes relevant to emergency medicine clinical practice.
Multiple recent examples from the literature highlight the need for emergency physicians to understand the subtle differences between superiority and NI trials. Critical appraisal of these studies requires consideration of four main points: 1) Does the new treatment have tangible benefits over the standard treatment? 2) Was the choice of the NI margin appropriate? 3) Was the effect of the standard treatment preserved? Does the trial have assay sensitivity? 4) What type of analysis strategy was employed? ITT or PP? We hope that emergency physicians feel better equipped to read and critically appraise these studies with the aid of this review article.
